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(54) FM receiver 

(57) An FM receiver has a narrow pass band filter 
(1a), a wide pass band filter (1b), and a changeover 
switch (1c) for selecting one of the band filters. A noise 
canceler (4) is provided for detecting pulse noises 
included in a composite signal from a detector (3) and 
for producing a gating signal having a gating period for 
stopping the composite signal during the period. A 
receiving condition detector (8) detects receiving condi- 
tion of the FM receiver and produces a pass band control 



FIG 



signal for operating the changeover switch (1c) for select- 
ing one of the pass band filters (1a; 1b). The receiving 
condition detector (8) applies the pass band control sig- 
nal to the changeover switch (1c) to select the narrow 
pass band filter ( 1 a) when a deterioration of the receiving 
condition is detected. Furthermore, the receiving condi- 
tion detector (8) produces a gating period changing sig- 
nal, and the noise canceler (4) responds to the gating 
period changing signal for changing the gating period. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an FM receiver pro- 5 
vided with an IF filter which restricts passages of IF sig- 
nals in a certain band, and more particularly to an FM 
receiver wherein the range of the band is variable. 

There has been known an FM radio receiver where 
a pass band of an IF filter can be changed in accordance 
with the occurrence of interferences such as a mutti-path 
reflection interference and adjacent channel interfer- 
ence. 

Referring to Fig. 1 1 , an IF signal from a front end 
(not shown) of an FM receiver is fed either to a narrow 
pass band IF f flter 50a or a wide pass band IF filter 50b 
depending on a changeover switch 50c. The wide pass 
band IF filter 50b is selected when the broadcast wave 
is tuned in without trouble and the narrow pass band IF 
filter 50a is selected when an interference such as an 
adjacent channel interference occurs. The IF signal is 
further applied to a detector 52 through an IF amplifier 
51 , so that the IF signal is demodulated into a composite 
signal. Impulse noises are eliminated from the demodu- 
lated composite signal at an impulse noise canceler 53. 
The composite signal is thereafter applied to a stereo 
decoder 54 from which right and left audio signals are 
produced. 

The modulated composite signal from the detector 
52 is further applied to an ARI decoder 55 which decodes 
a data signal multiplexed on a main signal of the com- 
posite signal. When the decoded data signal indicates 
that the receiving broadcast wave is transmitted from a 
traffic information broadcast station (SK station), the ARI 
decoder 55 applies a signal to an indicator (not shown) 
to operate it, thereby informing the user. 

A field strength output is extracted from the IF ampli- 
fier 51, and applied to a high-pass IF filter 56 which 
extracts a high-frequency component included in the 
field strength output. The high-frequency component is 40 
rectified by a rectifier 57 and then the level thereof is com- 
pared with a reference level at a comparator 58. When 
the level of the high-frequency component is higher than 
the reference level, it is determined that the receiving 
condition is poor due to the interferences. The compara- 45 
tor 58 accordingly applies a signal to the changeover 
switch 50c so as to connect the switch 50c with the nar- 
row band IF filter 50a. 

Such an FM receiver is advantageous in that the 
influence of the adjacent channel interference is so 
restrained. However, the narrow pass band of the IF filter 
causes various troubles which will now be described. 

As shown in Fig. 12a, an impulse noise included in 
the input IF signal passing through the wide band IF fitter 
gives a sharp pulse shape. On the other hand, when the ss 
narrow band IF filter is selected, since the high-fre- 
quency component is mostly eliminated, the pulse shape 
is deformed and becomes dull as shown in Fig. 1 2b. The 
conventional noise canceler, when detecting an impulse 



noise, is operated to gate the output so that the noise is 
not fed to latter devices in the receiver. H the waveform 
of the noise is thus deformed as shown in Fig. 12b, the 
duration of the pulse becomes longer. A gating period of 
the impulse noise canceler 53 set appropriate for the 
wide band IF filter 50b may not be sufficient when the 
narrow band IF f flter 50a is selected. Thus, the impulse 
noise cannot be completely eliminated. To the contrary, 
if the gating period is set sufficiently long for the narrow 
band IF filter 50a, while the wide band IF filter is selected, 
the signal besides the noise is also eliminated, so that 
the signal received by the FM receiver cannot be accu- 
rately reproduced. 

Another drawback of using the narrow band IF filter 
1 0a is that an overmodulated broadcast wave may cause 
a distortion in the output of the detector 52. A tertiary 
higher harmonic which occurs in the pilot signal of the 
FM waves, the frequency of which is 1 9 kilohertz, affects 
on an ARI signal, the frequency of which is the triple of 
that of the pilot signal, namely 57 kilohertz. The ARI 
decoder 55 accordingly determines that an SK signal is 
received so that the indicator erroneously shows that the 
traffic information broadcast station is tuned in. 

Furthermore, since the high-frequency component 
is eliminated from the demodulated signal when the nar- 
row band IF filter is selected, the volume of the repro- 
duced sound is decreased than when the wide band IF 
filter is used.. The listener, hence win feel an interruption 
whenever the band IF filter is changed. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
FM receiver wherein an impulse noise is infallibly elimi- 
nated in accordance with the selected pass band IF filter. 

Another object of the present invention is to provide 
an FM receiver wherein an indicator for indicating the 
receipt of the traffic information broadcast wave is accu- 
rately operated. 

Another object is to provide an FM receiver where 
the volume of the reproduced sound is maintained con- 
stant despite the change of the IF filter. 

According to the present invention, there is provided 
an FM receiver having an IF filter including a narrow pass 
band filter, a wide pass band filter, and a changeover 
switch for selecting one of the band filters, a detector for 
receiving an IF signal from the IF filter and for producing 
a composite signal, a noise canceler for detecting pulse 
noises included in the composite signal and for produc- 
ing a gating signal having a gating period for stopping 
the composite signal during the period, and a receiving 
condition detector which detects receiving condition of 
the FM receiver and produces a pass band control signal 
for operating the changeover switch for selecting the 
pass band of the IF filter. 

The receiving condition detector applies the pass 
band control signal to the changeover switch of the IF 
filter to select the narrow pass band filter when a deteri- 
oration of the receiving condition is detected, the receiv- 
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ing condition detector produces a gating period changing 
signal when the deterioration of the receiving condition 
is detected, and the noise canceler has gate means, and 
control means responsive to the gating period changing 
signal for changing the gating period. 

The other objects and features of this invention will 
become understood from the following description with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a block diagram of an FM receiver according 
to the present invention; 

Fig. 2 is a block diagram of an impulse noise can- 
celer provided in the FM receiver of Fig. 1 ; 
Fig. 3 is a block diagram of an FM receiver according 
to a second embodiment the present invention; 
Fig. 4 is a block diagram of a traffic information 
decoder provided in the FM receiver of Fig, 3; 
Fig. 5 is a block diagram of an FM receiver according 
to a third embodiment the present invention; 
Fig. 6 is a block diagram of a low-frequency amplifier 
provided in the FM receiver of Fig. 5; 
Fig. 7 is block diagram of an example. of a receiving 
condition detector provided in the FM receiver of the 
present invention; 

Fig. 8 is a, block diagram of a modification of the 
receiving condition detector; 
Figs. 9a to 9c are graphs showing waveforms of a 
signal at various stages of the receiving condition 
detector of Fig. 8; 

Fig. 10 is a block diagram of another modification of 
the receiving condition detector; 
Fig. 1 1 is a block diagram of a conventional FM 
receiver; and 

Figs. 12a and 12b are graphs showing waveforms 
of impulse noises which occur in a wide band IF filter 
and in a narrow band IF filter, respectively. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to Fig. 1 an FM receiver according to the 
present invention has an IF filter device 1 comprising a 
narrow band IF filter 1a, a wide band IF filter 1b, and a 
changeover switch 1c, the movable contact oi which 
selectively connected to the narrow band IF filter 1a or 
to the wide band IF filter 1b. Under a normal operating 
condition where the receiving condition is satisfactory, 
the wide band IF filter lb is selected. Hence, an input IF 
signal applied through a front end (not shown) of the FM 
receiver is fed through the wide band IF filter to an IF 
amplifier 2 to be amplified, and further to a detector 3 
which demodulates the IF filter to produce a composite 
signal. The demodulated composite signal, after being 
eliminated of impulses noises included therein by an 
impulse noise canceler 4, is fed to a stereo decoder 5. 
The stereo decoder 5 produces a stereo audio signal 
based on the composite signal, which is further fed to a 



speaker 7 through a low-frequency amplifier 6 so as to 
be reproduced. 

Referring to Fig. 2, showing an example of the 
impulse noise canceler 4. the demodulated composite 

5 signal from the detector 3 is fed to the stereo decoder 5 
through a low-pass filter 1 4 and a gate 1 5. The composite 
signal is further fed to a high-pass filter 1 0 so that a high- 
frequency noise component is extracted therefrom. The 
high-frequency component is fed to a rectifier 1 1 where 

10 the signal is converted into a direct current the value of 
which is compared with a predetermined reference value 
Vr by a comparator 12. When the level of the high-fre- 
quency noise component is higher than the reference 
value Vr, determining that a impulse noise is equivalerrtly 

75 generated, the comparator 12 applies an impulse noise 
detecting signal to a single-shot multivibrator 1 3. The sin- 
gle-shot multivibrator 13, in response to the impulse 
noise detecting signal, applies a pulse signal to a gate 
15 to which the composite signal from the low-pass filter 

20 1 4 is fed thereby to close the gate 1 5 for a predetermined 
period dependent on the single-shot multivibrator 13. 
Hence, when the impulse noise occurs, the impulse 
noise is prevented from being transmitted to the latter 
devices of the FM receiver. A capacitor 1 6 is provided to 

25 prevent the voltage from dropping when the gate 15 is 
closed. The low-pass filter 14 delays the transmission of 
the composite signal so that (the composite signal 
reaches the gate 15 at the closing timing. The impulse 
noise canceler 4 further has a gating period controller 1 7 

30 for controlling the gating period of the gate 15, the oper- 
ation of which will be later described in detail. 

Referring back to Fig. 1, the output field strength 
from the IF amplifier 2, is fed to a receiving condition 
detector 8 for determining the receiving condition of a 

35 broadcast so that the narrow band IF fitter 1 a or the wide 
band IF filter 1b is appropriately selected. 

Referring Fig. 7, an example of the receiving condi- 
tion detector 8 for detecting an interference such as an 
adjacent channel interference and a multi-path reflection 

40 interference comprises a high pass filter 41 to which the 
IF signal is fed, a rectifier 42 and a comparator 43. The 
high pass filter 41 passes an alternating-current compo- 
nent in the IF signal. The alternating-current component 
is rectified by the rectifier 42 and fed to the comparator 

45 43 so as to compare the level thereof with a reference 
electric potential Er. When there is a noise so that the 
level of the alternating-current component becomes 
higher than the reference potential Er, it is determined 
that the receiving condition of the broadcast is poor due 

so to adjacent channel interference or a multi-path reflec- 
tion interference. Hence the comparator 43 produces an 
IF filter control signal which is fed to the changeover 
switch 1 c of the IF filter device 1 . The changeover switch 
1c is accordingly operated to connect the narrow band 

55 IF filter 1a to the IF amplifier 2. Thus unwanted signals 
are eliminated by the narrow band IF filter la so that the 
broadcast can be reproduced without noises. 

At the same time, the receiving condition detector 8 
feeds a gating period control signal to the gating period 
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controller 1 7 ol the impulse noise canceler 4. When the 
control signal is fed, the gating period controller 17 
applies a signal to the single-shot multivibrator 1 3 so that 
the pulse width of the pulse signal is elongated. Namely, 
when interference occurs so that the narrow band IF filter 
1a (Fig. 1) is selected, the gating period at the gate 15 
automatically becomes longer. Hence, the impulse noise 
can be accurately eliminated although the duration 
thereof becomes longer. During the normal state where 
the wide band pass filter 1 b is selected, the gating period 
is kept short so that unnecessary cutting off of the audio 
signal does not occur. 

The present embodiment may be modified so as to 
increase the sensitivity of the impulse noise canceler so 
that impulse noise is detected with more accuracy when 
the narrow band IF filter is selected. The same result as 
when the gating period is prolonged can be obtained. 

Referring to Fig. 3, an FM receiver according to the 
second embodiment of the present invention comprises 
an IF filter device 18 having a narrow band IF filter 18a, 
a wide band IF filter 18b and a changeover switch 18c. 
The IF signal is fed through one of the filters 1 8a and 18b 
to an IF amplifier 1 9 and a detector 20 so as to be demod- 
ulated into a composite signal. The impulse noise in the 
composite signal is eliminated at an impulse noise can- 
celer 21 . The composite signal is further converted into 
a stereo audio signal at a stereo decoder 22. which is 
fed to a speaker 24 through a low-frequency amplifier 23. 
The IF signal from the IF amplifier 1 9 fed to the receiving 
condition detector 8, which is shown in Fig. 7, to deter- 
mine whether the current receiving condition is poor due 
to interferences such as adjacent channel interference. 
The receiving condition detector 8 is operated in the 
same manner as in the first embodiment, hence select- 
ing either of the IF filters 18a and 18b as appropriate. 

The FM receiver of the second embodiment is fur- 
ther provided with a traffic information decoder 25 to 
which the composite signal from the detector 20 is 
applied. The traffic information decoder 25 detects a traf- 
fic information data signal multiplexed over a main signal 
of broadcast signal transmitted to the receiver. 

Referring to Fig. 4, showing the traffic information 
decoder 25 in detail, the demodulated composite signal 
from the detector 20 is fed to a bandpass filter 27 which, 
in the case of a traffic information broadcast composite 
signal, extracts traffic information data signal multiplexed 
over the main signal. The extracted traffic information 
data signal is fed through a signal level controller 28 to 
an SK decoder 29 for decoding identification data from 
the traffic information data signal. When the identification 
data is that of the traffic information broadcast, an SK 
indicator 30 is operated, informing the user that the FM 
receiver is currently tuned in to a traffic information 
broadcast station. 

The receiving condition detector 8 of the second 
embodiment, at the time of a poor reception, further pro- 
duces a sensitivity control signal which is fed to the signal 
level controller 28 of the traffic information decoder 25. 
The signal level controller 28 is accordingly operated as 



an attenuator thereby decreasing the level of the traffic 
information data signal. 

In operating during the overmodulation of the broad- 
cast signals, when the narrow band IF signal is selected, 

5 the composite signal is liable to be distorted. Hence the 
pilot signal of the FM broadcast composite signal may 
pass the bandpass filter 27 as if the traffic information 
data signal, thereby causing the SK indicator 30 to erro- 
neously indicate the receipt of the traffic information 

w broadcast. However, since the level of the pilot signal is 
automatically decreased while the narrow band IF filter 
18a is selected, it is impossible for the SK decoder 29 to 
erroneously detect the pilot signal as the SK signal. The 
SK indicator 30 is thus kept inoperative. On the other 

75 hand, when the receiving condition is improved so that 
the wide band IF litter 1 8b is selected, the composite sig- 
nal fed to the traffic information decoder 25 is not atten- 
uated, hence increasing the sensitivity of the SK 
decoder, thus accurately operating the indicator. 

20 Referring to Fig. 5, an FM receiver according to the 
third embodiment of the present invention comprises an 
IF filter device 31 having a narrow band IF filter 31a. a 
wide band IF filter 31b and a changeover switch 31 c. The 
IF signal is fed through one of the filters 31a and 31b to 

25 an IF amplifier 32 and a detector 33 so as to be demod- 
ulated into a composite signal. The impulse noise in the 
composite signal is eliminated at an impulse noise can- 
celer 34. The composite signal is further converted into 
a stereo audio signal at the stereo decoder 35, which is 

30 fed to a speaker 37 through a low-frequency amplifier 36. 
Referring to Fig. 6, an example of the low-frequency 
decoder 36 comprises an attenuator 39 and an amplifier 
40. The attenuator 30 adjusts the volumes of right and 
left audio signals derived at the stereo decoder 35. 

35 The IF signal from the IF amplifier 32 is fed to the 
receiving condition detector 8 which is shown in Fig. 7 to 
determine whether the current receiving condition is 
poor due to interferences such as adjacent channel inter- 
ference. The receiving condition detector 8 is operated 

40 in the same manner as in the first embodiment, hence 
selecting either of the IF filters 31a and 31b as appropri- 
ate. 

The receiving condition detector 8 of the third 
embodiment further produces a volume control signal 

45 which is fed to the low-frequency amplifier 36 as shown 
in Fig. 5 to increase the volume of the sound emitted from 
the speaker 37. Namely, when the receiving condition of 
the FM receiver is deteriorated so that the narrow band 
IF filter 31a is selected, the receiving condition detector 

so 8 applies the volume control signal to the attenuator 39 
of the low-frequency amplifier 36. The attenuator 39 
therefore decreases the attenuating quantity of the right 
and left audio signals which are fed to the speaker 37 
through the amplifier 40. As a result, the volume is 

55 increased. 

Thus, although the narrow band IF filter decreases 
the volume of the high-frequency component, the loss is 
automatically compensated by increasing the volume of 
the low and middle-frequency components. While the 
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wide band IF lifter 31b is being selected, the reproduced 
sound includes those in low to high-frequencies so that 
the high quality of the sound is maintained. The change 
of the IF filter with the deterioration of the receiving con- 
dition does not cause abrupt change in the volume, so 5 
that the broadcast is not interrupted. 

Figs. 8 and 10 show modifications of the receiving 
condition detector which can be provided in any of the 
FM receivers shown in Figs. 1 , 3 and 5. 

Referring to Fig. 8, a receiving condition detector 8a 10 
detects whether the incoming broadcast wave is over- 
modulated. The receiving condition detector 8a has a 
window comparator 44 and a single-shot multivibrator 

45. A demodulated composite signal shown in Fig. 9a is 

fed from a detector, for example, the detector 2 in Fig. 1 , is 
to the window comparator 44 through a terminal a. The 
window comparator 44 compares the level of the com- 
posite signal with predetermined reference levels L and 
L' in Fig. 9a, and produces, at a terminal b, pulse signals 
each having a width which corresponds to the duration 20 
in which the composite signal exceeds the reference 
level, as shown in Fig. 9b. The pulse signal is fed to a 
single-shot multivibrator 45 which produces a pulse hav- 
ing a wide width so that repeated changes of the signal 
levels can be prevented. 25 

Namely, at a terminal c. a pulse shown in Fig. 9c is 
generated. The pulse means that the broadcast is over- 
modulated. More particularly, the single-shot multivibra- 
tor 45 applies the pulse to the IF filter device, thereby 
changing the filter device into the narrow band IF filter 30 
during the pulse. The gating period control signal, sen- 
sitivity control signal and the volume control signal in the 
first, second and third embodiments, respectively, are 
further produced based on the pulse. 

Referring to Fig. 10, a receiving condition detector 35 
8b comprises an interference detecting section 8c and 
an overmodulation detecting section 8d. The interfer- 
ence detecting section 8c has the same construction as 
the receiving condition detector 8 shown in Fig. 7 and is 
applied with the IF signal. The overmodulation detecting 40 
section 8d has the same construction as the receiving 
condition detector 8a as shown in Fig. 8 and is applied 
with the demodulated composite signal. The outputs of 
the detecting sections 8c and 8d are fed to an AND gate 

46, the output of which is fed to the IF filter device as the as 
IF filter control signal and to the impulse noise canceler 

4, traffic information decoder 25 or the low-frequency 
amplifier 36 as the gating period control signal, sensitiv- 
ity control signal or the volume control signal, respec- 
tively as the circumstance calls for. so 

While the presently preferred embodiments of the 
present invention have been shown and described, it is 
to be understood that these disclosures are for the pur- 
pose of illustration and that various changes and modi- 
fications may be made without departing from the scope ss 
of the invention as set forth in the appended claims. 
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Claims 

1. An FM receiver having an IF filter (1 ; 18; 31) includ- 
ing a narrow pass band filter (la; 18a; 31a), a wide 
pass band filter (1b; 18b; 31b), and a changeover 
switch (1c; 18c; 31c) for selecting one of the band 
filters, a detector (3; 20; 33) for receiving an IF signal 
from the IF filter ( 1 ; 1 8; 3 1 ) and for producing a com- 
posite signal, a noise canceler (4; 21 ; 34) for detect- 
ing pulse noises included in the composite signal 
and for producing a gating signal having a gating 
period for stopping the composite signal during the 
period, and a receiving condition detector (8) which 
detects receiving condition of the FM receiver and 
produces a pass band control signal for operating 
the changeover switch (1c; 18c; 31c) for selecting 
the pass band of the IF filter (1 ; 18; 31), 
characterized in that 

the receiving condition detector (8) applies the 
pass band control signal to the changeover 
switch (1c; 18c; 31c) of the IF filter (1 ; 18; 31) to 
select the narrow pass band fitter (1 a; 1 8a; 31 a) 
when a deterioration of the receiving condition 
is detected; 

the receiving condition detector (8) produces a 
gating period changing signal when the deteri- 
oration of the receiving condition is detected; 
the noise canceler (4; 21 ; 34) has gate means 
(15), and control means (17) responsive to the 
gating period changing signal for changing the 
gating period. 

2. The FM receiver according to claim 1 further com- 
prising a traffic information decoder (25) for detect- 
ing traffic information multiplexed in a main signal of 
a broadcast signal and for producing a traffic infor- 
mation signal which is applied to the noise canceler 
(21); the receiving condition detector (8) being 
arranged to produce a reduction signal for reducing 
the level of the traffic information signal when the 
deterioration of the receiving condition is detected. 

3. The FM receiver according to claim 1 further com- 
prising sound volume changing means (36), the 
receiving condition detector (8) applies a sound vol- 
ume control to the volume changing means (36) for 
increasing the volume when the deterioration of the 
receiving condition is detected. 

4. The FM receiver according to claim 1 wherein the 
gate means (15) has a single-shot multivibrator (13) 
for changing the gating period. 
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(54) FM receiver 

(57) An FM receiver has a narrow pass band filter 
(1a), a wide pass band filter (lb), and a changeover 
switch (1c) for selecting one of the band filters. A noise 
canceler (4) is provided for detecting pulse noises 
included in a composite signal from a detector (3) and 
for producing a gating signal having a gating period for 
stopping the composite signal during the period. A 
receiving condition detector (8) detects receiving condi- 
tion of the FM receiver and produces a pass band con- 
trol signal for operating the changeover switch (1c) for 
selecting one of the pass band filters (1a; 1b). The 
receiving condition detector (8) applies the pass band 
control signal to the changeover switch (1 c) to select the 
narrow pass band filter (la) when a deterioration of the 
receiving condition is detected. Furthermore, the receiv- 
ing condition detector (8) produces a gating period 
changing signal, and the noise canceler (4) responds to 
the gating period changing signal for changing the gat- 
ing period. 
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